Eutherians give birth to relatively large infants. Females have larger pelves than males, though males typically have larger nonpelvic bones. Pelvic dimorphism is an adaptation for parturition. Metatherian females, who give birth to markedly small infants, should not show pelvic adaptations for parturition and should have smaller pelves than males. Adult females and males of the Virginia opossum, Didelphis virginiana, are compared. Males are significantly larger than females in absolute size for 14 of 16 pelvic and 8 nonpelvic measures. Sexes did not differ significantly for lower iliac length and posterior space of midplane. However, relative lengths for females are significantly larger than for males for these 2 measures and for the pubis. These pelvic dimorphisms in opossums cannot be adaptations for parturition. These dimorphisms result from asynchrony among skeletal elements in growth cessation and sexual differences in adulthood growth.
Metatherians differ from eutherians in reproductive biology (Renfree 1981; Sharman 1970) , including their shorter gestation, which correlates with their smaller newborns. In 10 species of metatherians, newborn mass as a percentage of maternal mass ranges from 0.002% (Dasyurus viverrinus, eastern quoll) to 0.07% (Antechinus flavipes, yellow-footed marsupial mouse- Parker 1977) . By contrast, the range for 78 species of eutherians is 0.23% (Ursus maritimus, polar bear) to 34.5% (Rhinolophus ferrumequinum, greater horseshoe bat- Leitch et al. 1959) . This difference implies that fetal delivery would be less difficult in metatherians than eutherians. ''Marsupial mothers appear not to be aware of the moment of birth . . . (and) birth is rapid'' (Parker 1977:277) . I evaluate whether this implied difference in parturition is reflected in pelvic adaptation.
In numerous eutherian species, females * Correspondent: rtague@lsu.edu have absolutely or relatively larger pelves than males (Dunmire 1955; Getty and Hillmann 1975; Ridley 1995; Sisson and Hillmann 1975; Smuts and Bezuidenhout 1987; Tague 1991) . Pelvic dimorphism is typically the converse of that in the remainder of the skeleton, in which males are larger than females. Natural selection pertaining to parturition principally explains pelvic dimorphism. However, not all pelvic dimorphisms seem relevant for parturition. For example, gorillas (Gorilla gorilla) and orangutans (Pongo pygmaeus) have spacious birth canals relative to their small infants, yet females have relatively wider pelvic inlets than males (Schultz 1949) . Schultz (1949) argued that these ''unnecessary'' pelvic dimorphisms are developmental adjuncts to general secondary sexual differentiation, albeit in the converse direction.
Since metatherians give birth to tiny infants, females are not expected to show pel-vic adaptation for parturition (Gregory 1951; Parker 1977) . However, if some pelvic sexual differences are developmental adjuncts of sexual dimorphism in other parts of the body, albeit in the converse direction (Schultz 1949) , then metatherian females may have larger pelves than males. I address these issues by comparing pelves of adult females and males in the Virginia opossum, Didelphis virginiana. Newborns in D. virginiana weigh 0.13 g (Hartman 1928) , and newborn mass is 0.01% of maternal mass (Parker 1977) . Among adults, percentage sexual dimorphism (computed as female mean subtracted from male mean as a percentage of female mean) in weight ranges from 11.1% to 72.2% (n ϭ 10 samples) and in length ranges from 3.5% to 12.2% (n ϭ 7 samples -Gardner 1982) . Based on newborn size and adult sexual size dimorphism, my hypothesis is that the female pelvis in opossums should be a smaller, scaled version of the male pelvis.
MATERIALS AND METHODS
Sample.-Skeletons of 44 males and 51 females of D. virginiana were examined. According to museum records, all specimens were wild caught and of known sex and geographical location (Appendix I). All specimens were adult, as judged by eruption of all permanent teeth into the occlusal plane and fusion of the ilium, ischium, and pubis at the acetabulum. Based on these criteria, specimens were at least 10 months of age and sexually mature (Gardner 1973 (Gardner , 1982 Lowrance 1949; Petrides 1949) . Gardner (1973 Gardner ( , 1982 recognized 4 subspecies of D. virginiana: californica, pigra, virginiana, and yucatanensis. Based on geographical location (Gardner 1973) , all specimens in this study were D. v. pigra and D. v. virginiana , although only 49 specimens had subspecies designation (Appendix I).
Measurements and computations.-Two pelvic planes were recognized: inlet, bounded by superomedial margin of pubis, junction of linea terminalis and auricular surface of ilium, and superoventral margin of 1st sacral vertebra (Figs. 1a and 1b, F-A-H); and midplane, bounded by superomedial margin of pubis, junction of ilium and ischium at their dorsomedial margin, and inferoventral margin of 2nd sacral vertebra (Fig.  1b , F-G-I). Fourteen pelvic measurements were taken: lengths of lower ilium (Fig. 1a, A-B) , ilium (Fig. 1a, C-D) , ischium (Fig. 1a , C-E), and pubis (Fig. 1a, C-F) ; anteroposterior diameters of inlet (Fig. 1b, F-H) and midplane (Fig. 1b , F-I); posterior (Fig. 1b, G-I ) and anterior spaces of midplane (Fig. 1b, F-G) ; length (Fig. 1b, H-I ) and breadth of sacrum (Fig. 1c, A-A) ; transverse diameters between iliac crests (bi-iliac diameter; Fig. 1c , J) and at inlet (maximum diameter between linea terminales, with diameter being aligned visually perpendicular to anteroposterior diameter; Fig. 1c, K) , midplane (Fig.  1d , G-G), and outlet (Fig. 1d, E-E) . Eight measurements of the nonpelvic skeleton were taken as indicators of overall size, including maximum length of femur between head and condyles, maximum diameter of femoral head, circumference of femur at nutrient foramen, maximum length of humerus between head and trochleacapitulum, maximum length of clavicle, maximum length of mandible between condyle and anterior margin of body, maximum length of cranium between occiput and premaxilla, and maximum breadth between zygomatic arches of cranium.
Five pelvic variables were computed: area of inlet and area of midplane, and relative lengths of posterior space of midplane, lower ilium, and pubis. Area of inlet was computed based on the simplifying assumption that the inlet's plane is an ellipse, with area ϭ (anteroposterior diameter of inlet/2)(transverse diameter of inlet/2). Based on human pelves, this estimate of inlet area is close to actual area (Young and Ince 1940) .
Area of midplane was computed using Heron's formula and was based on the simplifying assumption that this area is the summation of the areas of posterior (PST) and anterior (ANT) triangles. With TRV representing the midplane's transverse diameter, and s 1 and s 2 representing half of the perimeter lengths of the PST and ANT triangles, respectively, area of PST triangle ϭ (s 1 ((s 1 Ϫ PST space) 2 )(s 1 Ϫ TRV)) 0.5 , with s 1 ϭ ((2(PST space)) ϩ TRV)/2; area of ANT triangle ϭ (s 2 ((s 2 Ϫ ANT space) 2 )(s 2 Ϫ TRV)) 0.5 , with s 2 ϭ ((2(ANT space)) ϩ TRV)/2.
All 8 nonpelvic variables were used in computing relative posterior space of midplane and relative lower iliac length, since their sex-specific correlation coefficients with these pelvic variables were nonsignificantly different from one another ( 2 ϭ 7.7, d.f. ϭ 15, 0.90 Ͻ P Ͻ 0.95 for posterior space of midplane; 2 ϭ 23.4, d.f. ϭ 15, 0.05 Ͻ P Ͻ 0.10 for lower iliac length). The weighted mean correlation coefficient (r w ) between posterior space of midplane and the nonpelvic variables was 0.64; r w for lower iliac length was 0.69. Relative posterior space of midplane and relative lower iliac length were computed as the natural logarithm of the respective pelvic variable divided by each nonpelvic variable. Relative pubic length was computed as the natural logarithm of pubic length divided by ischial length (Dunmire 1955; Washburn 1948) .
Except for bi-iliac diameter and lengths of the ilium and ischium, the pelvic measurements and areal dimensions are considered important in successful parturition in eutherians (Arthur et al. 1996; Cunningham et al. 2001; Tague 1991 Tague , 1993 Tague , 2000 . Bi-iliac diameter and iliac length are false pelvic measures and not relevant in parturition (Straus 1929; Tague 1991) . Ischial length is part of the true pelvis, but not important in parturition (Leutenegger 1974) . These 3 pelvic variables are correlates of general body size and are typically larger in males than females (Petrov 1992; Straus 1929; Tague 1991; Washburn 1942 Washburn , 1948 . The nonpelvic variables have been used in studies on sexual dimorphism and for estimating mammalian body mass (Gardner 1973; Petrov 1992; Ruff and Runestad 1992; Scott 1990; Tague 1991 Tague , 1993 Van Valkenburgh 1990) . Relative pubic length is reported in studies of pelvic dimorphism in eutherians (Brown and Twigg 1969; Dunmire 1955; Mobb and Wood 1977; Washburn 1948) .
Differences in sample size among measurements were due to variable preservation of specimens. Pelves of some specimens were ligamentous preparations. To measure disarticulated specimens, hip bones and sacrum were articulated, held together with adhesive tape, and en-circled with a rubber band. Measurements were taken with sliding calipers and a curvometer. All measurements were linear distances with the exception of femoral circumference, which was curvilinear. Measurement error, computed as the absolute difference between original and repeat measurements as a fraction of the original measurement, was low, ranging from 0.017 for area of midplane to 0.0002 for lengths of femur and humerus (n ϭ 17).
Analysis.-Statistical analyses, using SPSS software (1992, 2001) , included chi-square test, Fisher's z transformation to compute the weighted mean of Pearson's correlation coefficients, Kruskal-Wallis test, Student's t-test, and Wilcoxon-Mann-Whitney test. Statistical significance was set at P Յ 0.05. A 1-tailed t-test was used in comparing absolute dimensions between sexes, since males were expected to be larger than females. Two-tailed tests of significance were used in other analyses.
RESULTS
The 1st analysis ascertained whether there was significant heterogeneity within the sample, due either to use of 2 subspecies or to geographical distribution of the specimens (Appendix I). A comparison of D. virginiana pigra with D. v. virginiana showed no significant difference in males or females for any absolute dimension of the pelvis or nonpelvic structures (Wilcoxon-Mann-Whitney test). A comparison of all specimens by state within the United States showed no significant difference among males for any absolute dimension of the pelvis or nonpelvic structures (KruskalWallis test). Females showed a significant difference only for anterior space of midplane (P ϭ 0.024) and femoral circumference (P ϭ 0.037). There was a nonsignificant difference between the sexes in their geographical distribution by state ( 2 ϭ 14.2, d.f. ϭ 11, P ϭ 0.22, chi-square test). Collectively, these results (available from author upon request) suggested that combining all specimens into a single sample for further analysis was appropriate.
Males were significantly larger than females in absolute size for all 8 nonpelvic variables and 14 of 16 pelvic variables (Table 1). Percentage sexual dimorphism for nonpelvic variables ranged from 6.1% (femoral length) to 18.6% (bizygomatic diameter); percentage dimorphism for these 14 pelvic variables ranged from 4.5% (iliac length) to 15.4% (area of inlet). Sexes did not differ significantly for 2 pelvic variables, lower iliac length, and posterior space of midplane, with percentage dimorphism of 2.3% and 3.6%, respectively.
For relative posterior space of midplane and relative lower iliac length, females were significantly larger than males for 7 nonpelvic variables and for all 8 nonpelvic variables, respectively (Table 2) . Females were significantly larger than males for relative pubic length.
DISCUSSION
Although D. virginiana delivers its tiny infants both singly and in groups of as many as 6 at a time (Reynolds 1952) , there is no reported difficulty in parturition. Correspondingly, females are not expected to have pelvic adaptations for parturition. Since males are significantly larger than females in the nonpelvic skeleton, I expected that males would also have a larger pelvis than females. This study generally supports this expectation; males are significantly larger than females for 14 of 16 absolute dimensions of the pelvis. However, sexes do not differ significantly in lower iliac length and posterior space of midplane. Moreover, females are significantly larger than males in relative lengths of these 2 measures and in relative pubic length. Posterior space of midplane and lengths of the lower ilium and pubis are also absolutely or relatively longer in females than males in a number of eutherians (Bernstein and Crelin 1967; Brown and Twigg 1969; Dunmire 1955; Mobb and Wood 1977; Schultz 1949; Straus 1929; Tague 1991 Tague , 1993 Washburn 1948) . These pelvic dimorphisms facilitate birth in eutherians. In contrast, there is no reason to think that in opossums these dimorphisms are adaptations for parturition. Neither do they seem to be developmental adjuncts to general secondary sexual differentiation as Schultz (1949) discussed. Rather, the proximate cause of pelvic dimorphism in opossums seems to be asynchrony among skeletal elements in age at cessation of growth, and the ultimate cause seems to be a reproductive investment involving sexual differences in growth during adulthood. Here, posterior space of midplane will not be discussed further because it is a correlate of lower iliac length. Length of the lower ilium positions the sacrum relative to the ischium. In opossums, the skeleton generally grows throughout life, with many postcranial epiphyses and skull sutures not fusing (Allen 1901; Lowrance 1949; Washburn 1946) . The femur illustrates that some bones continue to grow in adulthood; only 1 of 92 specimens in this study has a fused condylar epiphysis. However, lower iliac length ceases growth at sexual maturity when ilium fuses with pubis (Lowrance 1949; Washburn 1946) . All specimens in this study showed this fusion. Since sexes are not significantly different in lower iliac length in adulthood, their subadult growth in this dimension evidently is comparable. Although males begin to exceed females in size after 12 weeks of age (Eisenberg 1988) , most sexual differences in size begin at sexual maturity (Gardner 1982) , which is 6 months of age for females and 8 months for males (Moore and Morgan 1942; Reynolds 1952; Tyndale-Biscoe 1973) . Growth in adult females decelerates relative to that in adult males, and this explains sexual size dimorphism (Gardner 1973) . Therefore, the nonsignificant difference between sexes in lower iliac length and the significantly longer relative lower iliac length in females are due to completed growth of the lower ilium prior to sexual maturity, with no sexual difference in subadult growth, and continued growth of other skeletal structures in adulthood, with growth in females being slower than in males.
Sexual dimorphism in relative pubic length is similarly explained. The pubis fuses with the ischium at the acetabulum near the end of the 1st year of life (Washburn 1946) . These bones can continue growth only at the symphyseal border of the pubis and ischial tuberosity. The ischium can generally continue to grow throughout life; only 1 of 84 specimens in this study showed fusion of the tuberosity's epiphysis. In contrast, the pubis decelerates or ceases growth in adulthood. In this study, 48.6% of males (n ϭ 37) and 60.0% of females (n ϭ 45) showed the pubic component of the ''median bar,'' which is a spicule of bone along the ventral midline of the puboischial symphysis, formed by coalescence of pubic and ischial ossification centers at the symphysis ( Fig. 2; Todd 1921) . Pubic growth terminates when the median bar fuses with the symphyseal border of the pubes, and in metatherians this begins after the ilium, ischium, and pubis fuse at the acetabulum (Todd 1921 atively longer pubis than males because the pubis decelerates or ceases growth in adulthood, whereas the ischium generally continues growth throughout life, and growth in adult females is slower than in adult males (see above).
The evolutionary explanation for sexual difference in adult growth is investment in reproduction, involving retardation of female growth and/or enhancement of male growth. Gardner (1973 Gardner ( , 1982 argued that growth in adult females decelerates relative to that in males because females divert some nutritional resources from their growth to their nursing offspring. Other species show smaller adult body size associated with this differential energy investment (Jennings and Philipp 1992; Woolbright 1989) . Sexual selection for large males may also explain their enhanced growth (Ryser 1992) .
Sexual dimorphism in relative lower iliac length, however, may not be simply epiphenomenal to its earlier termination in growth relative to nonpelvic bones. Rather, lower iliac length may be developmentally coordinated with the epipubic bone. The epipubis extends from the superior border of the pubis to approximately the plane of the sacroiliac joint; lower iliac length is from acetabulum to sacroiliac joint (Fig. 1) . Interestingly, the epipubis is longer in females than males (White 1989) . Sexual dimorphism in epipubic length suggests a sexual difference in this bone's function, although its principal function (e.g., abdominal support, locomotion, support of the litter, or ventilation) remains unresolved (Eisenberg 1981; Elftman 1929; White 1989) .
One potential problem with this study is that ages of specimens are not known. As growth generally continues in adulthood and sexes differ in growth rates, percentage sexual dimorphism will be influenced by the sample's age structure. Nevertheless, the sample's demography will not change the nonsignificant difference between sexes in lower iliac length and posterior space of midplane.
This study on opossums has 2 implications for interpreting pelvic adaptation and sexual dimorphism in eutherians. First, pelvic differences in eutherians in which females are larger than males only relative to other measures cannot uncritically be assumed to be adaptations for parturition. Opossum females are significantly larger than males in relative lengths of lower ilium, posterior space of midplane, and pubis, yet these dimorphisms cannot be adaptations for parturition. Therefore, inferences on the adaptive significance of pelvic dimorphisms in eutherians are equivocal, except when the female pelvis is absolutely larger than the male pelvis and when females are equivalent or smaller in size than males in nonpelvic structures. Second, if females reproduce before pelvic growth is completed, then some nutritional resources that could be allocated to it will be diverted to gestation and lactation. Pelvic size will be reduced. In opossums, this reduced size is irrelevant in parturition. In eutherians, however, reduced pelvic size may cause repeated difficulty in parturition (Scholl and Hediger 1993) . The relationship between ages of 1st pregnancy and termination of pelvic growth determines pelvic size, difficulty in parturition, and pelvic sexual dimorphism.
